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(54) Method and apparatus for manufacturing a glass optical fibre preform by the outside vapour 
deposition process 

(57) A process and apparatus for manufacturing a 
glass optical fiber preform by an outside vapour deposi- 
tion (OVD) process using a linear array of deposition 
burners is disclosed. The process and apparatus further 
comprises: a first burner-moving-unit (96) that moves 
the deposition burner away (62,64,66,68,70) in a direc- 
tion parallel with a longitudinal direction of the preform 
rod (38); and a second burner-moving-unit (98) that 
moves said first burner-moving-unit (96) in a same mov- 
ing direction of said first burner-moving-unit (96). 

The purpose of the process and apparatus dis- 
closed is to evenly disperse the deposit along the whole 
length of the preform to provide a porous soot preform 
of constant outside diameter, particularly at the turning 
points of the deposition burner at the tapered ends of 
the preform deposit on the start rod. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] This invention relates to a glass base mate- 
rial, which is a base material of an optical fiber, manu- 
facturing apparatus and a glass base material 
manufacturing method. 10 

2. Description of the Related Art 

[0002] There are several processes involved in the 
manufacture of an optical fiber. A gas material, which is 15 
a base material of an optical fiber, is hydrolyzed and 
formed into a glass base material. The glass base mate- 
rial is sintered to form an optical fiber preform, which is 
drawn to form an optical fiber. 

[0003] There are several methods for manufactur- 20 
ing a glass base material. As one of the methods for 
manufacturing a glass base material, there is an OVD 
method, that is, an outside vapor deposition method. In 
the OVD method, a gas material is hydrolyzed by a 
burner to form glass particles which form the base 25 
material of the optical fiber. The glass particles are 
accumulated around and along a base rod, which is 
rotated at a constant speed, and the accumulated glass 
particles become a glass base material. 
[0004] To increase the productivity of manufacture 30 
of glass base materials, a plurality of burners are used 
for hydrolyzing the gas material. The plurality of burners 
are moved back and forth along the longitudinal direc- 
tion of the base rod, in order to form a glass base mate- 
rial having a constant diameter. The turning point of the 35 
back and forth movement of the burners needs to be 
dispersed evenly along the longitudinal direction of the 
base rod, so that the diameter of the glass base mate- 
rial accumulated by the burners can be constant for 
substantially the whole length of the glass base mate- 40 
rial. 

[0005] There is a method of controlling the position 
of the turning point by using software that calculates the 
position of the turning point of the burners. To control 
the turning point to be a predetermined position, several 45 
steps have to be executed. 

[0006] However, the method of controlling the turn- 
ing points using software causes a delay in the move- 
ment of burners, because it takes time for the software 
to calculate the turning point and also takes time to pro- so 
vide the calculated turning points to the unit that moves 
the burners. The burners pass over the turning point 
which is to be calculated by the software and provided 
to the unit which moves the burners. Therefore, the 
diameter of the glass base material becomes uneven 55 
and the roughness of the surface of the glass base 
material increases. Therefore, the quality of the glass 
fiber drawn from the glass base material having an une- 
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ven diameter, decreases. 
SUMMARY OF THE INVENTION 

[0007] Therefore, it is an object of the present 
invention to provide an apparatus for glass base mate- 
rial manufacturing and a method for glass base material 
manufacturing which overcomes the above issues in the 
related art. This object is achieved by combinations 
described in the independent claims. The dependent 
claims define further advantageous and exemplary 
combinations of the present invention. 
[0008] According to the first aspect of the present 
embodiment, an apparatus for manufacturing a glass 
base material, which is a base material of an optical 
fiber, can be provided. The apparatus may comprise a 
base rod, around and along which the glass base mate- 
rial may be formed; a burner that hydrolyzes and accu- 
mulates a gas material, which is a base material of the 
glass base material, around and along the base rod; a 
first burner-moving-unit that moves the burner in a 
direction parallel with a longitudinal direction of the base 
rod; and a second burner-moving-unit that moves the 
first burner-moving-unit in the same moving direction of 
the first burner-moving-unit. 

[0009] The first burner-moving-unit may move the 
burner back and forth in the direction parallel with a lon- 
gitudinal direction of the base rod. The second burner- 
moving-unit may move the first burner-moving-unit back 
and forth in the same movement direction as the first 
burner-moving-unit. 

[0010] The first burner-moving-unit may move the 
burner at a first cycle, and the second burner-moving- 
unit may move the first burner-moving- unit at a second 
cycle, which is different from the first cycle. The first 
cycle maybe shorter than the second cycle, may be an 
integer multiple of the second cycle, and may be syn- 
chronized with the second cycle. 
[0011] The apparatus may further comprise a plu- 
rality of burners arranged parallel to the longitudinal 
direction in the first burner-moving-unit. Each of inter- 
vals between the plurality of burners may be substan- 
tially constant. Each of the plurality of burners may 
accumulate in each different region, which is a part of 
the length of a whole length of the glass base material. 
[0012] The first burner-moving-unit further may 
have a first shaft, along which the first burner-moving- 
unit moves, and the second burner-moving-unit further 
may have a second shaft along which the first burner- 
moving-unit moves. The first burner-moving-unit may 
have a first motor, which rotates the first shaft, and the 
second burner-moving-unit may have a second motor 
which rotates the second shaft. 

[0013] A moving range of at least one of the first 
burner-moving-unit and the second burner-moving-unit 
may be an integer multiple of each of the intervals 
between the plurality of burners. The integer may be an 
integer which does not exceed a number of the plurality 
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of burners divided by five. The integer may be the inte- 
ger "1". 

[0014] The apparatus may further comprise a 
chamber, which accommodates the base rod, the 
burner, the first moving unit, and the second moving 5 
unit, and includes a duct that vents exhaust from inside 
the chamber, provided in the longitudinal direction of the 
base rod for substantially the whole length of the cham- 
ber. 

[0015] The chamber may have a tube shape run- 10 
ning in the longitudinal direction, parallel to the base 
rod, both ends of which are closed. A cross section of 
the tube shape may be polygonal or a cylindrical shape. 
The duct may be provided on the top of the chamber. 
The duct may include a vent plate having a plurality of 15 
vents for substantially the whole length of the chamber. 
The plurality of vents may be provided at a constant 
interval. The vent plate may include a vent controller 
which controls airflow of the plurality of vents. 
[0016] The chamber may further include a plurality 20 
of the ducts provided on the chamber, and the ducts 
may face an outlet of the burner located over the base 
rod. The chamber may include a base having a flow reg- 
ulating structure which intakes outside air, thus regulat- 
ing airflow flowing from the base to the duct. The flow 25 
regulating structure may be made of a filter. The filter 
may be made of a non-woven fabric. The filter may have 
an accordion shape. The flow regulating structure may 
be formed by a plate having a plurality of air holes. 
[0017] The base rod may have a pair of dummy 30 
rods provided on both ends of the base rod, and the 
diameter of the dummy rod, D, and the weight of the 
glass base material, W, may have a relationship of 0.13 
< D/W 05 . The diameter of the dummy rod, D, and the 
weight of the glass base material, W, may further have 35 
a relationship of 0.13 < D/W 0 - 5 < 0.25. 
[0018] According to the second aspect of the 
present embodiment, a method for manufacturing a 
glass base material, which may be a base material of an 
optical fiber, comprises: rotating a base rod, around and 40 
along which the glass base material may be formed; 
hydrolyzing and accumulating a gas material, which is a 
base material of the glass base material, around and 
along the base rod using a burner; and the hydrolyzing 
and accumulating includes: moving the burner at a first 45 
cycle, in a direction parallel with a longitudinal direction 
of the base rod; and moving a unit, which moves the 
burner at the first cycle, at a second cycle in the same 
movement direction as the movement of the burner. 
[0019] Moving the burner may move the burner so 
back and forth in a direction parallel with the longitudinal 
direction of the base rod, and furthermore, the moving 
the unit may move the unit back and forth in the direc- 
tion parallel with the longitudinal direction of the base 
rod. 55 
[0020] The first cycle may be different from the sec- 
ond cycle, and may be shorter than the second cycle. 
The first cycle may be at integer multiple of the second 
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cycle, and may be synchronized with the second cycle. 
[0021] Hydrolyzing and accumulating may be per- 
formed by a plurality of the burners. Each of the plurality 
of the burners may be provided along the longitudinal 
direction of the base rod at a substantially constant 
interval. The hydrolyzing and accumulating process 
may accumulate the glass base material using each of 
the plurality of burners, and each of the plurality of burn- 
ers may accumulate the gas material for each different 
region, which is a part of the length of the whole length 
of the base rod. 

[0022] Moving the burner may move the burner for a 
distance which is an integer multiple of the interval, or 
moving the unit may move the unit for a distance which 
is an integer multiple of the interval. The integer may not 
exceed a number of the plurality of burners divided by 
five. The integer may be the integer "1 ". 
[0023] The hydrolyzing and accumulating may 
accumulate the gas material in a chamber accommo- 
dating the base rod, the glass base material, the burner 
and the unit; and the hydrolyzing and accumulating may 
include controlling airflow which flows through the 
chamber. The controlling the airflow may include 
exhausting gas inside the chamber through a duct pro- 
vided on the chamber for substantially the whole length 
of the chamber along the longitudinal direction of the 
base rod. 

[0024] Controlling the airflow may further include 
exhausting the inside gas from a plurality of ducts pro- 
vided on the chamber, the plurality of ducts facing an 
outlet of the burner across the base rod for substantially 
the whole length of the chamber along the longitudinal 
direction of the base rod. The exhausting may include 
exhausting the gas from inside the chamber through a 
vent plate, which has a plurality of vents provided for 
substantially the whole length of the chamber at a con- 
stant interval. The control of the airflow may include reg- 
ulating airflow that flows from the base of the chamber. 
The regulating of the airflow may filter outside air. 
[0025] The method may further comprise cooling 
the glass base material, which is accumulated by the 
hydrolyzing and accumulating, by controlling a surface 
temperature of the glass base material. The cooling 
may control a cooling speed for decreasing the surface 
temperature of the glass base material. The cooling 
may control the cooling speed to be slower than 30 0 C 
per minute for a predetermined time after the hydrolyz- 
ing and accumulating is finished. The predetermined 
time may be ten minutes. 

[0026] The hydrolyzing and accumulating may 
accumulate the gas material so that the relationship 
between the diameter of a pair of dummy rods provided 
on both ends of the base rod for holding the base rod, D, 
and a weight of the glass base material, W, may 
become 0.13 ^ D/W 0 " 5 . The hydrolyzing and accumu- 
lating may accumulate the gas material so that the rela- 
tionship between the diameter of the pair of dummy 
rods, D, and the weight of the glass base material, W, 
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may become 0.13 ^ D/W 0 " 5 ^ 0.25 . 
[0027] This summary of the invention does not nec- 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 shows a configuration of a glass base mate- 
rial manufacturing apparatus of the present embod- 
iment. 

Fig. 2 shows a perspective view of the glass base 
material manufacturing apparatus of the present 
embodiment shown in Fig. 1. 
Fig. 3A shows a movement of the burners 62-70. 
Fig. 3B shows quantities of layers of glass particles 
accumulated by the movement of the burners 62-70 
shown in Fig. 3A. 

Fig. 3C shows the form of the glass base material 4 
made by the accumulation of the layers of the glass 
particles shown in Fig. 3B. 

Fig. 4 shows the relationship between the rough- 
ness of the surface of the glass base material 4 for 
each moving range of the first stage 14 and the 
moving range of the second stage 20. 
Fig. 5 shows the relationship between the rough- 
ness of the surface of the glass base material 4 for 
each moving range of the second stage 20 and the 
moving range of the first stage 14. 
Fig. 6 shows the relationship between the rough- 
ness of the surface of the glass base material 4 and 
the first stage moving range. 
Fig. 7 shows the relationship between the rough- 
ness of the surface of the glass base material 4 and 
the second stage moving range. 
Fig. 8 shows the relationship between the length of 
the end portion and the moving range of the burn- 
ers 62-70. 

Fig. 9 shows the relationship between the surface 
temperature of the glass base material 4 and time, 
after the burners 62-70 were extinguished. 
Fig. 10A shows relationship between the surface 
temperature of the glass base material 4 and time, 
for each different cooling speed of examples from 1 
to 5. 

Fig. 10B shows a relation between the cooling 
speed and crack occurrence on the surface of the 
glass base material 4, for each of examples 1 to 5. 
Fig. 1 1 shows a relationship between the diameter, 
D, of the dummy rod 40, and the weight, W, of glass 
base material 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The invention will now be described based 
on the preferred embodiments, which do not intend to 



limit the scope of the present invention, but exemplify 
the invention. All of the features and the combinations 
thereof described in the embodiment are not necessar- 
ily essential to the invention. 

[0030] Fig. 1 shows a configuration of a glass base 
material manufacturing apparatus of the present 
embodiment. Fig. 2 shows a perspective view of the 
glass base material manufacturing apparatus of the 
present embodiment shown in Fig. 1 . The glass base 
material manufacturing apparatus has a burner-moving- 
unit 92, a base rod unit 94, a chamber 2, and a top duct 
42. 

[0031] The burner-moving-unit 92 has a first 
burner-moving-unit 96 and a second burner-moving- 
unit 98. The second burner-moving-unit 98 moves the 
first burner-moving-unit 96, and the first burner-moving- 
unit 96 moves a plurality of burners 62-70. Therefore, 
the movement of the burners 62-70 is the sum of the 
movement generated by the first burner-moving-unit 96 
and the movement generated by the second burner- 
moving-unit 98. 

[0032] The burner-moving-unit 92 and the rod unit 
94 are provided inside the chamber 2, for manufacture 
of the glass base material 4. The top duct 42 is provided 
on the top of the chamber 2 to exhaust gas from inside 
the chamber 2. The burner-moving-unit 92 moves the 
burners 62-70 back and forth along the longitudinal 
direction of the base rod 38 whilst emitting glass parti- 
cles from the burners 62-70, in order to accumulate 
glass particles on a base rod 38 of the rod unit 94, to 
manufacture a glass base material 4. 
[0033] The first burner-moving-unit 96 includes the 
burners 62-70, a first stage 14, a first shaft 16, a first 
motor 18, a burner-adjusting shaft 32, a burner-adjust- 
ing motor 28, and a first stage base 30. The second 
burner-moving-unit 98 has a second stage 20, a second 
shaft 22, a second motor 24, and a base stage 26. Each 
of burners 62-70 has a fuel supply pipe 82, and a gas 
material supply pipe 84. 

[0034] The base stage 26 is provided on the base 8. 
The second shaft 22 and the second motor 24 are pro- 
vided on the base stage 26. The second shaft 22 is pro- 
vided along the longitudinal direction of the base rod 38. 
The second motor 24 rotates the second shaft 22 in 
order to move the second stage 20 back and forth in the 
longitudinal direction of the base rod 38. The first shaft 
16 and the first motor 18 are provided on the second 
stage 20. The first shaft 16 is provided along the longi- 
tudinal direction of the base rod 38. The first motor 18 
rotates the first shaft 1 6 in order to move the first stage 
base 30 back and forth in the longitudinal direction of 
the base rod 38. 

[0035] The burners 62-70 are provided on the first 
stage 14 in the longitudinal direction of the base rod 38, 
at a constant interval D1. As shown in Fig. 2, the gas 
material such as SiCI 4 is supplied from the gas material 
supply pipe 84, to the burners 62-70. Furthermore, fuel 
gas such as 0 2 and H 2 are supplied from the fuel supply 
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pipe 82 to the burners 62-70. 

[0036] Burners 62-70 hydrolyze the gas material to 
generate the glass particles. The glass particles are 
emitted from the burners 62-70 to the base rod 38, in 
order to accumulate the glass particles on the base rod 5 
38, which is rotated at a constant speed. The accumu- 
lated glass particles form a glass base material 4. 
Because the first motor 18 moves the first stage base 
30 in order to move the first stage 14, on which the burn- 
ers 62-70 are provided, the burners 62-70 move back 10 
and forth in the longitudinal direction of the base rod 38 
whilst emitting the glass particles. 
[0037] The burner-adjusting shaft 32 and the 
burner-adjusting motor 28 are provided on the first 
stage base 30. The first stage 14 is provided on the 15 
burner-adjusting shaft 32. The first stage 14 holds the 
burners 62-70. The burner adjusting-motor 28 rotates 
the burner-adjusting shaft 32, in order to move the first 
stage 14 in a vertical direction, to adjust the distance 
between the burners 62-70 and the base rod 38, so that 20 
the distance between the surface of the accumulated 
glass base material 4 and the burners 62-70 can be 
kept constant. 

[0038] The base rod unit 94 has a base rod 38, a 
pair of chucks 36, a pair of dummy rods 40, and a rod 25 
motor 34. The glass base material 4 is manufactured on 
the base rod 38. Each pair of chucks 36 hold an outside 
end of both of the dummy rods 40 respectively. Each of 
the dummy rods 40 is provided on each end of the base 
rod 38. The rod motor 34 rotates the chucks 36 to rotate 30 
the base rod 38 at a constant speed, while the glass 
particles are accumulated on the base rod 38. 
[0039] As shown in Fig. 2, the chamber 2 has side 
walls 6, a base 8, a roof 10, a top duct 42, and a side 
duct 50. The top duct 42 has a flue 44, a vent plate 46, 35 
and a plurality of vents 48. The side duct 50 has a side 
flue 52, a vent plate 54, and a plurality of vents 56. A 
plurality of air holes 58 which intake outside air, are pro- 
vided substantially all over the base 8. 
[0040] The chamber 2 accommodates the rod unit 40 
94 and the burner-moving-unit 92. The base 8, the side 
walls 6, and a pair of the roof 1 0 constitute the chamber 
2. The roof 10 is provided on the side walls 6. The top 
duct 42 is provided on the top of the roof 1 0 such that 
the bottom side of the top duct 42 can exhaust the gas 45 
from inside the chamber 2 from substantially the whole 
length of the chamber 2. The side duct 50 faces the out- 
lets of the burners 62-70 over the base rod 38. The bot- 
tom side of the side duct 50 exhausts the gas inside the 
chamber 2 from substantially whole length of the cham- 50 
ber 2. 

[0041] By providing substantially the same size air 
holes 58 substantially all over the base 8 at a constant 
interval, each of the air holes 58 intakes outside air 
evenly. The air holes 58 also regulate the airflow inside 55 
the chamber 2 and keep the airflow that flows into the 
chamber 2 smooth and constant. Furthermore, an 
accordion shaped filter made of non-woven fabric may 



also be used for the base 8. Foreign impurities con- 
tained in outside air can be filtered, by making the base 
8 a filter. By making a filter in an accordion shape, the fil- 
ter can have enough strength to support the burner- 
moving-unit 92. 

[0042] The chamber 2 has a tube shape along the 
longitudinal direction of the base rod 38. The cross sec- 
tion of the tube shaped chamber 2 can be a polygonal, 
cylindrical, or curved shape. For example, the shape of 
the side wall 6 and the roof 1 0 can have a curved shape. 
The cross section of the chamber 2 except the top duct 
42 and the side duct 50 is substantially the same along 
the longitudinal direction. 

[0043] Because the cross section of the chamber 2 
is substantially the same along the longitudinal direc- 
tion, the airflow, which flows from the air holes 58 of the 
base 8 to the top duct 42 and the side duct 50, can be 
regulated constantly and evenly for substantially the 
entire longitudinal direction. Therefore the turbulence or 
vortexes occurring in the chamber 2 can be reduced. 
[0044] The top duct 42 is provided on the upper- 
most top of the chamber 2. The vent plate 46 is provided 
inside the top duct 42, and separates the top duct 42 
and the interior of the chamber 2. The vent plate 46 has 
a plurality of vents 48 provided at a constant interval for 
substantially the whole length of the chamber 2. The 
flue 44 is provided substantially at the center of the lon- 
gitudinal direction of the chamber 2. 
[0045] The side duct 50 is provided on the roof 1 0 of 
the chamber 2, such that the side duct 50 faces the out- 
lets of the burners 62-70 which are located over the 
base rod 38. Similar to the top duct 42, the side duct 50 
also has a vent plate 54, vents 56, and a side flue 52, 
each of which has a same function as the vent plate 46, 
the vents 48, and the flue 44, explained above. 
[0046] The top duct 42 exhausts the gases inside 
the chamber 2 such as the air flowing through the cham- 
ber 2 from the base 8 to the top duct 42 and the side 
duct 50, by-products such as HCI gas, which is gener- 
ated during hydrolyzing of the gas material, and glass 
particles, which do not accumulate on the glass base 
material 4. The glass particles, which do not accumu- 
late on the glass base material 4, stick together and 
form a mass of glass particles. If the mass of the glass 
particles attaches to the glass base material 4, the den- 
sity of the accumulated glass particles becomes une- 
ven. Therefore the quality of the glass base material 4 
decreases. If a glass base material 4 with an uneven 
density is sintered, bubbles may occur in the sintered 
glass base material 4. Because the top duct 42 is pro- 
vided on the uppermost top of the chamber 2 for sub- 
stantially the whole length of the chamber 2, the gas 
inside the chamber 2 can be exhausted outside the 
chamber 2 without creating turbulence or vortexes of 
airflow inside the chamber 2. The gas inside the cham- 
ber 2 gathered by the top duct 42 is exhausted through 
the vent plate 46 to the flue 44 using an electric fan for 
example. 
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[0047] Because the side duct 50 is provided on the 
corner of the chamber 2 whilst facing the outlets of the 
burners 62-70 over the base rod 38, a part of the gas 
inside the chamber 2, which flows from the bottom side 
of the glass base material 4 along the direction shown 
by the arrow B in Fig. 2, can be exhausted to the side 
duct 50. Therefore the gas inside the chamber 2 can be 
exhausted efficiently using high-speed airflow. 
[0048] The chamber 2 of the present embodiment 
was tested. The chamber 2 includes the top duct 42 and 
the side duct 50 having a pentagonal shaped cross sec- 
tion. The area of the cross section was 4 m 2 . The length 
of the chamber 2 was 5 m. The speed of exhausting the 
gas inside the chamber 2 was set to 30 m 3 /min. The 
glass base material 4 manufactured by the above men- 
tioned condition was sintered and inspected visually. No 
bubbles were found in the sintered glass base material 
4. 

[0049] Fig. 3A shows movement of the burners 62- 
70. Fig. 3B shows quantities of layers of glass particles 
accumulated by the movement of the burners 62-70 
shown in Fig. 3A. Fig. 3C shows the form of the glass 
base material 4 made by the accumulation of the layers 
of the glass particles shown in Fig. 3B. 
[0050] In Fig. 3A, the X-axis shows a distance from 
the left end of the glass base material 4. The Y-axis 
shows time after the accumulation process starts. Here, 
the burners 62-70 are arranged at a constant interval of 
150 mm as shown D1 in Fig. 1 and the top of the Fig. 
3A. Both the moving range of the burners 62-70 relative 
to the second stage 20, and the second stage 20 are set 
to 150 mm, which is the same distance as the interval 
D1 between each of the burners 62-70. The moving 
range of the second stage 20 and the burners 62-70, 
however, are not limited to the same distance as the 
interval D1, and the moving range of the second stage 
20 and the burners 62-70 can be a multiple of the inter- 
val D1 such as 150 mm, 300 mm, 450 mm, and so on, 
in the case shown in Fig. 3. Here, each of the burners 
62-70 accumulates the substantially same amount of 
glass particles during the same period of time. 
[0051] Five broken lines shown parallel to each 
other in Fig. 3A show the movement of the second stage 
20, and five solid lines shown parallel to each other in 
Fig. 3A show the movement of the burners 62-70, which 
correspond to movement of the first stage 1 4. As shown 
in Fig. 1 , the second motor 24 moves the second stage 
20 back and forth, and the first motor 18, which is pro- 
vided on the second stage 20, moves the first stage 14 
back and forth. Therefore, the movement of the burners 
62-70 shown by the zigzag shaped solid lines becomes 
the sum of the movement of the second stage 20 gener- 
ated by the second motor 24, which are shown by the 
zigzag shaped broken lines, and the movement gener- 
ated by the first motor 18. 

[0052] The second motor 24 moves the second 
stage 20 back and forth at a cycle C2 as shown at the 
lower left of Fig. 3A. The first motor 18 moves the first 



stage 1 4 back and forth at a cycle C1 as shown at lower 
left of Fig. 3A. 

[0053] Because the burners 62-70 are provided on 
the first stage 14, all the burners 62-70 move at the 

5 same cycle C1 within the same moving range. 

[0054] The cycle C1 is synchronized with the cycle 
C2. For example, when time is 0 and t2, burners 62-70 
are at the left most position of the moving range of the 
burners 62-70. At the same time, the second stage 20 is 

10 also at the left most position of the moving range of the 
second stage 20. When time is t2/2, the burners 62-70 
are at the right most position of the moving range of the 
burners 62-70, and at the same time, the second stage 
20 is also at the right most position of the moving range 

15 of the second stage 20. 

[0055] In present embodiment, the cycle C1 is 
shorter than the cycle C2. Because the first stage 14 is 
provided on the second stage 20, the first stage 1 4 sup- 
ports a smaller weight than the weight supported by the 

20 second stage 20. Therefore it is easier to move the first 
stage 14 faster than the moving speed of the second 
stage 20. 

[0056] Fig. 3B shows the quantity of the layers of 
glass particles accumulated by the movement of the 

25 burners 62-70 shown above. The quantities of the layers 
accumulated by each of the burners 62-70 during the 
cycle C2 is shown in each row of Fig. 3B. 
[0057] Now, the quantity of layers accumulated by 
the burner 62 is used for an explanation. As shown in 

30 the lower left of Fig. 3A, vertical lines are drawn parallel 
to the Y-axis at a 30 mm interval. The number of times 
of which the burner 62 has passed through the prede- 
termined point, shown by the vertical lines, during the 
cycle C2 is counted. The number of times which the 

35 burner 62 passed through each vertical line becomes 
the number of layers of glass particles accumulated on 
the base rod 38 at each location of the vertical line. 
Because the burner 62 moves in a zigzag while chang- 
ing turning point at the same interval of 30 mm as 

40 shown by the solid line, the burner 62 passes the first 
vertical line, which is the first vertical line from the dis- 
tance 0 mm, twice during the cycle C2. Then, the burner 
62 passes the second vertical line, which is the second 
vertical line from the distance 0 mm, six times during the 

45 cycle C2. 

[0058] Similarly, the burner 62 passes the third, 
forth, fifth, sixth, seventh, eighth, ninth, and tenth verti- 
cal lines for ten, fourteen, eighteen, eighteen, fourteen, 
ten, six, and two times, respectively, during the cycle 

so C2. Also, in each row of Fig. 3B, the quantity of layers 
accumulated by each of the burners 64, 66, 68, and 70 
are shown at predetermined positions, which are 
located at 30 mm intervals from the first vertical line of 
the burner 62. Each of the plurality of burners 62-70 

55 accumulates in each different region, which is a part of 
the whole length of the glass base material 4. 
[0059] Because the movement of each of the burn- 
ers 64-70 is the same as the movement of the burner 
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62, the quantity of layers to be accumulated by each of 
the burners 64-70 at each of the predetermined posi- 
tions is the same as the quantity of layers accumulated 
by the burner 62 at each of the predetermined positions 
shown by the vertical lines. 

[0060] The total quantity of layers accumulated by 
the burners 62-70 is shown in the lowest row of Fig. 3B. 
The sum of the quantities of layers is calculated for each 
of the predetermined positions, which are located at 30 
mm intervals from the first vertical line shown as vertical 
lines in the lower left of Fig. 3A. As shown in Fig. 3B, the 
total quantity of layers of glass particles is a constant 
value of 20 layers, from 1 50 mm to 750 mm along the X- 
axis of Fig. 3A. 

[0061] Fig. 3C shows the cross-section along the 
longitudinal direction of the glass base material 4 man- 
ufactured by the glass base manufacturing apparatus of 
the present embodiment. The diameter of the glass 
base material 4 at each of the predetermined positions 
of the vertical lines of Fig. 3A corresponds to the total 
quantity of layers of glass particles shown in the lowest 
row of Fig. 3B. The portion of the glass base material 4 
having a constant diameter, which corresponds to a 
total of 20 layers shown in Fig. 3B, that is, located from 
150 mm to 750 mm along X-axis of Fig. 3A, is shown as 
a steady portion. The portions of the glass base mate- 
rial 4 where the diameter gradually increases or 
decreases, which corresponds to the total number of 
layers from 2 to 18, that is, located from 0 mm to 150 
mm, and from 750 mm to 900 mm, are shown as end 
portions. As shown in Fig. 3C, the diameter of the glass 
base material 4 is constant along the longitudinal direc- 
tion of the glass base material 4 within the steady por- 
tion. 

[0062] Therefore, the present embodiment can 
manufacture a glass base material 4 having a constant 
diameter along the longitudinal direction of the glass 
base material 4 within the steady portion, by moving the 
burners 62-70 using the first burner-moving-unit 96 and 
the second burner-moving-unit 98. 
[0063] Because the turning point of the burners 62- 
70 is controlled mechanically by the first burner-moving- 
unit 96 and the second burner-moving-unit 98, the cur- 
rent position of the burners 62-70 does not need to be 
observed for control of the movement of the burner- 
moving-unit 92. Furthermore, the present embodiment 
does not cause delay due to the calculation of the turn- 
ing points and transfer of the data of the turning points, 
when using software to calculate the turning points. 
Therefore, the apparatus of the present embodiment 
can move the burners 62-70 accurately. 
[0064] Two types of glass base material manufac- 
turing apparatus were tested. First, the apparatus of the 
present embodiment was tested. The interval D1 
between burners 62-70 was set to 150 mm. A base rod 
38 having a diameter of 40 mm was used. The length of 
the base rod 38 was 200 mm. The first stage moving 
range and the second stage moving range were set to 



150 mm, which is the same as the interval D1 between 
each of the burners 62-70. The moving speed of the first 
stage 1 4 was set to 1 000 mm/min. The moving speed of 
the second stage 20 was set to 20 mm/min. 
[0065] The gas material, SiCI 4 was supplied from 
the gas material supply pipe 84 to the burners 62-70. 
The rate of supply of the gas material to the burners 62- 
70 was 1 l/min when the hydrolyzing process started, 
and increased gradually to 5 l/min, which is the rate at 
the time when the hydrolyzing process ended, that is, 
the time when the diameter of the glass base material 4 
became 200 mm. The fuel gas, H 2 and 0 2 was supplied 
from the fuel supply pipe 82 to the burners 62-70. The 
rate of supply of the H 2 gas to the burners 62-70 was 40 
l/min when the hydrolyzing process started, and 
increased gradually to 150 l/min, which is the rate at the 
time when the hydrolyzing process ended, that is, the 
time when the diameter of the glass base material 4 
became 200 mm. The rate of supply of 0 2 gas to the 
burners 62-70 was 20 l/min when the hydrolyzing proc- 
ess started, and increased gradually to 70 l/min, which 
is the rate at the time when the hydrolyzing process 
ended, that is, the time when the diameter of the glass 
base material 4 became 200 mm. 
[0066] The base rod 38 was rotated at a speed of 
30 rpm while manufacturing the glass base material 4. 
The gas material was hydrolyzed by the burners 62-70, 
in order to form glass particles which accumulated on 
the base rod 38, until the diameter of the glass base 
material 4 became 200 mm. 

[0067] After accumulation of the glass particles was 
completed, the maximum diameter "M" and the mini- 
mum diameter "m" of the glass base material 4 of the 
steady portion were measured. The roughness of the 
surface of the glass base material 4, R, was calculated 
by the equation, R = (M-m)/M . 

[0068] The roughness of the glass base material 4 
manufactured by the present embodiment was less than 
1%. 

[0069] The conventional glass base material manu- 
facturing apparatus having only one burner-moving-unit 
was tested. The movement of the burners 62-70 was 
controlled by software which calculates the positions of 
the turning points of the burners 62-70. The positions of 
the turning points calculated by the software were set to 
the same turning points as the present embodiment. 
[0070] A glass base material 4 was manufactured 
using the conventional apparatus described above, and 
then the roughness of the glass base material 4 was 
measured. The roughness of the glass base material 4 
manufactured by the conventional apparatus was about 
8%, which was larger than the roughness of the present 
embodiment. 

[0071] Fig. 4 and Fig. 5 show the relationship 
between the roughness of the surface of the glass base 
material 4 for each moving range of the first stage 14 
and the moving range of the second stage 20. The 
roughness at each of the moving ranges of the first 
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stage 14 for every 50 mm from 50 mm to 200 mm is 
shown in Fig. 4. The distance between each of the burn- 
ers 62-70 is fixed to 1 50 mm. Here, the moving range of 
the first stage 14 is called a "first stage moving range" 
and the moving range of the second stage 20 is called a 5 
"second stage moving range". The roughness of the 
surface of the glass base material 4 is defined as fol- 
lows. After accumulating the glass particles is finished, 
the diameter of the glass base material is measured for 
the whole length of the steady portion. Each of the max- 10 
imum diameter, the minimum diameter, and the rough- 
ness of the surface of the glass base material 4 are 
represented by M, m, and R, respectively, and the 
roughness of the surface of the glass base material 4 is 
defined by R = (M-m)/M . 75 
[0072] In Fig. 4, the X-axis shows the first stage 
moving range, and the Y-axis shows the roughness of 
the surface of the glass base material 4. The roughness 
becomes the largest value when the second stage mov- 
ing range is 50 mm for the whole of the first stage mov- 20 
ing range. When the second stage moving range is 150 
mm, which is the same distance as the interval D1 
between each of the burners 62-70, the roughness 
becomes the least for the whole of the first stage mov- 
ing range. 25 
[0073] Next, the roughness for a specific second 
stage moving range will be explained. Here, a second 
stage moving range of 50 mm will be used for example. 
The roughness becomes the greatest at the 50 mm 
point of the first stage moving range. The roughness 30 
becomes smaller than the 50 mm of the first stage mov- 
ing range when first stage moving range is 1 00 mm. The 
roughness is the smallest when the first stage moving 
range is 150mm. At the 200 mm point of the first stage 
moving range, the roughness becomes larger than the 35 
roughness at the 1 50 mm point of the first stage moving 
range. Therefore, the roughness becomes the smallest 
when the first stage moving range is 150 mm, when the 
second stage moving range is 50 mm. Not only when 
the second stage moving range is 50 mm, but also 40 
when the second stage moving range is 100 mm, 150 
mm, and 200 mm, the roughness becomes the small- 
est, provided the first stage moving range is 150 mm. 
Therefore, it is preferable to set both the first stage mov- 
ing range and the second stage moving range to 150 45 
mm. 

[0074] In Fig. 5, the X-axis shows the second stage 
moving range, and the Y-axis shows the roughness of 
the surface of the glass base material 4. The roughness 
becomes the largest value when the first stage moving 50 
range is 50 mm for the whole of the second stage mov- 
ing range. When the first stage moving range is 150 
mm, which is the same distance as the interval D1 
between each of the burners 62-70, the roughness 
becomes the least for the whole of the second stage 55 
moving range. 

[0075] Next, the roughness of a specific first stage 
moving range will be explained. Here, a first stage mov- 



ing range of 50 mm will be used as an example. The 
roughness becomes the greatest at the initial 50 mm of 
the second stage moving range. The roughness 
becomes smaller than the 50 mm of the second stage 
moving range when second stage moving range is 100 
mm. The roughness is the smallest when the second 
stage moving range is 150mm. At the 200 mm point of 
the second stage moving range, the roughness 
becomes larger than the roughness at the 150 mm point 
of the second stage moving range. Therefore, the 
roughness becomes the smallest when the second 
stage moving range is at the 150mm point, when the 
first stage moving range is 50 mm. Not only when the 
first stage moving range is 50 mm, but also when the 
first stage moving range is 100 mm, 150 mm, and 200 
mm, the roughness becomes the smallest, provided the 
second stage moving range is 150 mm. Therefore, it is 
preferable to set both the first stage moving range and 
the second stage moving range to be 150 mm. 
[0076] As shown above, the roughness becomes 
the smallest when both the first stage moving range and 
the second stage moving range are 150 mm, which is 
same as the interval D1 between each of the burners 
62-70. 

[0077] Fig. 6 shows the relationship between the 
roughness of the surface of the glass base material 4 
and the first stage moving range. The interval between 
each of the burners 62-70 is fixed to 150 mm. The sec- 
ond stage moving range is also fixed to 150 mm. The 
first stage moving range is varied every 50 mm, from 
100 mm to 550 mm. When the first stage moving range 
is 1 50 mm, 300 mm, and 450 mm, which are the integer 
multiple of 150 mm, which is the same value as the 
interval D1 between each of the burners 62-70, the 
roughness is 0%. In Fig. 6, except the first stage moving 
range which is the integer multiple of D1 , the roughness 
decreases with the increase of the first stage moving 
range. However, the roughness is the least when the 
first stage moving range is an integer multiple of the 
interval D1. Therefore, it is preferable to set the first 
stage moving range to an integer multiple of the interval 
D1 of the burners 62-70. 

[0078] Fig. 7 shows the relationship between the 
roughness of the surface of the glass base material 4 
and the second stage moving range. The interval 
between each of the burners 62-70 is fixed to 150 mm. 
The first stage moving range is also fixed to 150 mm. 
The second stage moving range is varied for every 50 
mm from 100 mm to 550 mm. When the second stage 
moving range is 150 mm, 300 mm, and 450 mm, which 
are the integer multiple of 150 mm, which is the same 
value as the interval between each of the burners 62- 
70, the roughness is 0%. In Fig. 7, except the second 
stage moving range which is the integer multiple of D1 , 
the roughness decreases with the increase of the sec- 
ond stage moving range. However, the roughness is the 
least when the second stage moving range is an integer 
multiple of the interval D1. Therefore, it is preferable to 
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set the second stage moving range to an integer multi- 
ple of the interval D1 of the burners 62-70. Thus it is 
preferable to set either of the first stage moving range or 
the second stage moving range to be an integer multiple 
of the interval D1 between each of the burners 62-70, 5 
such as 150 mm, 300 mm, 450 mm, and so on. 
[0079] Fig. 8 shows the relationship between the 
length of the end portion and the moving range of the 
burners 62-70. The moving range of the burners 62-70 
is set to the integer multiple of the interval D1 between 10 
each of the burners 62-70. Here, the number of the inte- 
ger is expressed as "N" in Fig. 8. The length of the end 
portion increases with the increase of the number N. 
Because the end portion cannot be used for optical fib- 
ers effectively, the end portion is preferablyas small as 15 
possible. Therefore the number N, which is a value of 
the integer, is preferably "1" or the number of all the 
burners 62-70 divided by five. 

[0080] Fig. 9 shows the relationship between the 
surface temperature of the glass base material 4 and 20 
time, after the burners 62-70 were extinguished. The X- 
axis shows the time after extinguishing the burners 62- 
70, and the Y-axis shows the surface temperature of the 
glass base material 4. 

[0081] The surface temperature at the time of extin- 25 
guishing the burners 62-70 is represented as T 0 °C, and 
the surface temperature ten minutes after extinguishing 
the burners 62-70 is represented as T^C. The speed of 
cooling the surface of the glass base material 4 is repre- 
sented as C(°C/min). Furthermore, the cooling speed C 30 
can be defined by C = (T 0 - T-|)/10 . As shown in Fig. 9, 
after the completion of extinguishing the burners 62-70, 
the surface temperature of the glass base material 4 
decreases. 

[0082] A cracking may occur on the glass base 35 
material 4 when the surface temperature decreases 
rapidly during the cooling process, because of the differ- 
ence of temperature between the surface and the core 
of the glass base material 4 caused by the rapid 
decrease of the surface temperature. Therefore, it is 40 
important to control the surface temperature of the glass 
base material 4 during the cooling process, in order to 
reduce the difference of the temperature between the 
surface and the core of the glass base material 4. As a 
parameter for controlling the surface temperature of the 45 
glass base material 4, there is a speed for cooling the 
glass base material 4. Especially, the cooling speed 
during the initial ten minutes after extinguishing the 
burners 62-70 is a good parameter to be controlled, for 
preventing cracking the glass base material 4. 50 
[0083] Fig. 1 0A shows the relationship between the 
surface temperature of the glass base material 4 and 
the time after extinguishing the burners 62-70 for each 
different cooling speed of examples from 1 to 5. The 
broken lines show the change of temperature with time 55 
for each cooling speed of five examples. The solid lines 
show the cooling speed in each of five examples, as the 
inclination of the temperature T 0 - T-| during the initial 1 0 



minutes after extinguishing the burners 62-70, as shown 
in Fig. 9. 

[0084] The cooling speed C can be controlled by 
regulating the flow rate of the airflow flowing from the air 
holes 58. The flow rate of the airflow, which is flows from 
the air holes 58, can be regulated by controlling the 
number of air holes 58 to be opened, or by controlling 
the total area of the opening the vents 48 of the top duct 
42 and the vents 56 of the side duct 50. 
[0085] Here, the total area of the opened vents 48 is 
controlled in order to control the air which flows into the 
chamber 2. The example number 1 shows the change 
of the surface temperature when all of the vents 48 are 
closed so that outside air does not flow into the chamber 
2, after extinguishing the burners 62-70. The example 
number 2 shows the change of the surface temperature 
when one eighth of the total area of the vents 48 is 
opened. The example number 3 shows the change of 
the surface temperature when a quarter of the total area 
of the vents 48 is opened. The example number 4 
shows the change of the surface temperature when half 
of the total area of the vents 48 is opened. The example 
number 5 shows the change of the surface temperature 
when the vents 48 are fully opened. The inclination of 
each of the solid lines shown in Fig. 10A shows the 
cooling speed C for each of the examples. 
[0086] Fig. 10B shows a relationship between the 
cooling speed and crack occurrence, which indicates 
whether a cracking occurred on the surface of the glass 
base material 4 for each of the examples. Because the 
total area of the vents 48 are not fully opened for exam- 
ples 1 to 4, the cooling speed C of the examples 1 to 4 
does not exceed 30°C/min. Because the example 5 fully 
opens the vents 48, the cooling speed C of the example 
5 exceeds 30°C/min. 

[0087] When the cooling speed C does not exceed 
30°C/min, as in the examples 1 to 4, no cracks occur on 
the surface of the glass base material 4. When the cool- 
ing speed C exceeds 30°C/min, as in the example 5, 
cracks occur on the surface of the glass base material 
4. 

[0088] Therefore, it is important to keep the cooling 
speed C to slower than 30°C/min to prevent cracking 
occurring on the surface of the glass base material 4. If 
the cooling speed C exceeds 30°C/min, the difference 
of the temperature between the surface and the core of 
the glass base material 4 increases. This difference of 
temperature causes shrinkage at the surface of the 
glass base material 4, which causes a crack on the sur- 
face of the glass base material 4. 
[0089] Fig. 1 1 shows a relationship between the 
diameter, D, of the dummy rod 40, and the weight, W, of 
the glass base material 4 to be manufactured, for each 
of the cases of crack incidence of 0%, 4%, and 30%. 
The X-axis shows the diameter, D, of a dummy rod 40. 
The Y-axis shows the weight, W, of the glass base mate- 
rial 4 to be manufactured. The crack incidences are 
shown at each of the diameters, D, of 20 mm, 25 mm, 
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30 mm, 35 mm, and 40 mm. 

[0090] As shown in Fig. 11, the crack incidence is 
influenced by the relationship of the diameter D of the 
dummy rod 40 divided by the root of the weight W of the 
glass base material 4, which is D/W 0 - 5 When D/W 0 - 5 is 5 2. 
smaller than 0.13, as shown in the square points of the 
crack incidence of 4% and the triangular points of the 
crack incidence of 30%, cracking occurred. If D/W 0 - 5 is 
larger than the 0.13, cracking does not occur as shown 
in the circular points of the crack incidence 0%. There- 10 
fore, by using a dummy rod 40 that has a diameter D, 
which satisfies the relationship D/W 0 " 5 ^0.13, the 
occurrence of cracking can be prevented. Moreover, 
cracking can also be prevented by controlling the weight 3. 
W of the glass base material 4 to be manufactured, so 15 
that the relationship of D/W 0 - 5 is larger than 0.13. 
[0091] The relationship of D/W 0 - 5 is preferably as 
small as possible. However, if using the dummy rod 40, 
the D/W 0 5 of which is larger than the 0.25, the diameter 
of the dummy rod 40 becomes extremely large com- 20 
pared to the diameter of the glass base material 4. 4. 
Therefore, it is not economical to use the dummy rod 40, 
the D/W 0 5 of which is larger than 0.25. Therefore, the 
relationship between the diameter of the dummy rod 40 
and the weight of the glass base material 4 is preferably 25 5. 
0.25^ D/W ^0.13. 

[0092] A base rod 38 having a pair of dummy rods 
40 on each of its ends was tested. The diameter D of the 
dummy rod 40 was 35 mm. The gas material, SiCI 4 , and 6. 
the fuel gas, H 2 and 0 2 were hydrolyzed by the burners 30 
62-70. The glass base material 4 was accumulated on 
the base rod 38 until the weight W of the glass base 
material 4 became 70 kg. The value of the D/W 0 - 5 in the 7. 
test was (35/70000 0 - 5 ) = 0.132, which was larger than 

0. 13. There were no cracks found on the glass base 35 
material 4 manufactured by this test. 

[0093] Although the present invention has been 
described by way of exemplary embodiments, it should 8. 
be understood that many changes and substitutions 
may be made by those skilled in the art without depart- 40 
ing from the spirit and the scope of the present invention 
which is defined only by the appended claims. 

9. 

Claims 

45 

1 . An apparatus for manufacturing a glass base mate- 
rial, which is a base material of an optical fiber, 
comprising: a base rod (38), around and along 

which said glass base material (4) is formed; a 10. 
burner (62, 64, 66, 68, 70) that hydrolyzes and 50 
accumulates a gas material, which is a base mate- 
rial of said glass base material, around and along 
said base rod (38); 

characterized in that said apparatus farther 
comprises: a first burner-moving-unit (96) that 55 
moves said burner (62, 64, 66, 68, 70) in a direction 1 1 . 

parallel with a longitudinal direction of said base rod 
(38); and a second burner-moving-unit (98) that 



moves said first burner-moving-unit (96) in a same 
moving direction of said first burner-moving-unit 
(96). 

An apparatus as claimed in claim 1, characterized 
in that: said firstburner-moving-unit (96) moves said 
burner (62, 64, 66, 68, 70) back and forth in said 
direction parallel with a longitudinal direction of said 
base rod (38), and said second burner-moving-unit 
(98) moves said first burner-moving-unit back and 
forth in said same moving direction as said first 
burner-moving-unit (96). 

An apparatus as claimed in claim 1, characterized 
in that said first burner-moving-unit (96) moves said 
burner (62, 64, 66, 68, 70) at a first cycle and said 
second burner-moving-unit (98) moves said first 
burner-moving-unit (96) at a second cycle, which is 
different from said first cycle. 

An apparatus as claimed in claim 3, characterized 
in that said first cycle is shorter than said second 
cycle. 

An apparatus as claimed in claim 4, characterized 
in that said first cycle is an integer multiple of said 
second cycle. 

An apparatus as claimed in claim 4, characterized 
in that said first cycle is synchronized with said sec- 
ond cycle. 

An apparatus as claimed in claim 1 , comprising a 
plurality of said burners (62, 64, 66, 68, 70) that are 
arranged parallel to said longitudinal direction in 
said first burner-moving-unit (96). 

An apparatus as claimed in claim 7, characterized 
in that each of intervals between said plurality of 
burners (62, 64, 66, 68, 70) is substantially con- 
stant. 

An apparatus as claimed in claim 7, characterized 
in that each of said plurality of burners (62, 64, 66, 
68, 70) accumulates in each different region which 
is a part of length of a whole length of said glass 
base material (4). 

An apparatus as claimed in claim 1, characterized 
in that said first burner-moving-unit (96) further has 
a first shaft (1 6), along which said first burner-mov- 
ing-unit (96) moves, and said second burner-mov- 
ing-unit (98) further has a second shaft (22) along 
which said second burner-moving-unit (98) moves. 

An apparatus as claimed in claim 1 0, characterized 
in that said first burner-moving-unit (96) has a first 
motor (18), which rotates said first shaft (16), and 
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said second burner-moving-unit (98) has a second 
motor (24) which rotates said second shaft (22). 

12. An apparatus as claimed in claim 8, characterized 

in that a moving range of at least one of said first 5 
burner-moving-unit (96) and said second burner- 
moving-unit (98) is an integer multiple of said each 
of intervals between said plurality of burners (62, 
64, 66, 68, 70). 

10 

13. An apparatus as claimed in claim 12, characterized 
in that said integer is an integer that does not 
exceed a number of said plurality of burners (62, 
64, 66, 68, 70) divided by five. 

15 

14. An apparatus as claimed in claim 13, characterized 
in that said integer is the integer "1 ". 

15. An apparatus as claimed in claim 1, further com- 
prising: 20 

a chamber (2), which accommodates said base 
rod (38), said burner (62, 64, 66, 68, 70), said 
first moving unit (96), and said second moving 
unit (98), and includes a duct (42) that 25 
exhausts exhaust from inside said chamber (2) 
provided along said longitudinal direction of 
said base rod (38) for substantially whole 
length of said chamber (2). 

30 

16. An apparatus as claimed in claim 15, characterized 
in that said chamber (2) has a tube shape running 
along said longitudinal direction which is parallel to 
said base rod (38), both ends of which are closed. 

35 

17. An apparatus as claimed in claim 16, characterized 
in that a cross section of said tube shape is polygo- 
nal. 

18. An apparatus as claimed in claim 16, characterized 40 
in that a cross section of said tube shape is a cylin- 
drical shape. 

19. An apparatus as claimed in claim 15, characterized 

in that said duct (42) is provided at the top of said 45 
chamber (2). 

20. An apparatus as claimed in claim 15, characterized 
in that said duct (42) includes a vent plate (46) hav- 
ing a plurality of vents (48) for substantially said so 
whole length of said chamber (2). 

21. An apparatus as claimed in claim 20, characterized 
in that said plurality of vents (48) is provided at a 
constant interval. 55 

22. An apparatus as claimed in claim 21 , characterized 
in that said vent plate (46) includes a vent control- 



ler, that controls airflow of said plurality of vents 
(48). 

23. An apparatus as claimed in claim 15, characterized 
in that said chamber (2) further includes a plurality 
of said ducts (42, 50) provided on said chamber (2), 
and said duct (50) facing an outlet of said burner 
(62, 64, 66, 68, 70) located over said base rod (38). 

24. An apparatus as claimed in claim 15, characterized 
in that said chamber (2) includes a base (8) having 
a flow regulating structure which intakes outside air 
thus regulating airflow flowing from said base (8) to 
said duct (42, 50). 

25. An apparatus as claimed in claim 24, characterized 
in that said flow regulating structure is made of a fil- 
ter. 

26. An apparatus as claimed in claim 25, characterized 
in that said filter is made of a non-woven fabric. 

27. An apparatus as claimed in claim 25, characterized 
in that said filter has an accordion shape. 

28. An apparatus as claimed in claim 24, characterized 
in that said flow regulating structure is formed by a 
plate having a plurality of air holes (58). 

29. An apparatus as claimed in claim 1 , characterized 
in that said base rod (38) has a pair of dummy rods 
(40) provided on both ends of said base rod (38), 
and a diameter of said dummy rod (40), D, and a 
weight of said glass base material (4), W, has a 
relationship of 0.13 < D/W 0 " 5 . 

30. An apparatus as claimed in claim 29, characterized 
in that said diameter of said dummy rod (40), D, and 
said weight of said glass base material (4), W, has 
a relationship of 0.13 < D/W a5 < 0.25 . 

31. A method for manufacturing a glass base material, 
which is a base material of an optical fiber, compris- 
ing: rotating a base rod (38), around and along 
which said glass base material (4) is formed: hydro- 
lyzing and accumulating a gas material, which is a 
base material of said glass base material (4), 
around and along said base rod (38) by a burner 
(62, 64, 66, 68, 70) ; and 

characterized in that said hydrolyzing and 
accumulating includes: moving said burner (62, 64, 
66, 68, 70) at a first cycle in a direction parallel with 
a longitudinal direction of said base rod (38); and 
moving a unit (98), which moves said burner (62, 
64, 66, 68, 70) at said first cycle, at a second cycle 
in a same moving direction as said moving said 
burner (62, 64, 66, 68, 70). 
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32. A method as claimed in claim 31 , characterized in 
that: said moving said burner (62, 64, 66, 68, 70) 
moves said burner (62, 64, 66, 68, 70) back and 
forth in a direction parallel with said longitudinal 
direction of said base rod (38), and said moving 
said unit (96) moves said unit (96) back and forth in 
said direction parallel with said longitudinal direc- 
tion of said base rod (38). 

33. A method as claimed in claim 32, characterized in 
that said first cycle is different from said second 
cycle. 

34. A method as claimed in claim 33, characterized in 
that said first cycle is shorter than said second 
cycle. 

35. A method as claimed in claim 34, characterized in 
that said first cycle is at integer multiple of said sec- 
ond cycle. 

36. A method as claimed in claim 35, characterized in 
that said first cycle synchronizes with said second 
cycle. 

37. A method as claimed in claim 31, characterized in 
that said hydrolyzing and accumulating is per- 
formed by a plurality of said burners (62, 64, 66, 68, 
70). 

38. A method as claimed in claim 37, characterized in 
that: each of said plurality of said burners (62, 64, 
66, 68, 70) is provided along said longitudinal direc- 
tion of said base rod (38) at a substantially constant 
interval. 

39. A method as claimed in claim 38, characterized in 
that: said hydrolyzing and accumulating accumu- 
lates said glass base material (4) using each of said 
plurality of burners (62, 64, 66, 68, 70), and each of 
said plurality of burners (62, 64, 66, 68, 70) accu- 
mulates said gas material for each different region, 
which is a part of length in a whole length of said 
base rod (38). 

40. A method as claimed in claim 39, characterized in 
that said moving said burner (62, 64, 66, 68, 70) 
moves said burner (62, 64, 66, 68, 70) for a dis- 
tance which is an integer multiple of said interval. 

41. A method as claimed in claim 39, characterized in 
that said moving said unit (96) moves said unit (96) 
for a distance which is an integer multiple of said 
interval. 

42. A method as claimed in claim 40 or claim 41 , char- 
acterized in that said integer does not exceed a 
number of said plurality of burners (62, 64, 66, 68, 



70) divided by five. 

43. A method as claimed in claim 42, characterized in 
that said integer is the integer "1 ". 

5 

44. A method as claimed in claim 31 , characterized in 
that: said hydrolyzing and accumulating accumu- 
lates said gas material in a chamber (2), which 
accommodates said base rod (38), said glass base 

10 material (4), said burner (62, 64, 66, 68, 70) and 
said unit (92); and said hydrolyzing and accumulat- 
ing includes controlling airflow which flows through 
said chamber (2). 

15 45. A method as claimed in claim 44, characterized in 
that: said controlling of said airflow includes 
exhausting gas inside of said chamber (2) through 
a duct (42), which is provided on said chamber (2) 
for substantially whole length of said chamber (2) 

20 along said longitudinal direction of said base rod 
(38). 

46. A method as claimed in claim 45, characterized in 
that: said controlling said airflow further includes 

25 exhausting said inside gas from a plurality of said 
ducts (42, 50) provided on said chamber (2), and 
said plurality of ducts (42, 50) facing to an outlet of 
said burner (62, 64, 66, 68, 70) across said base 
rod (38) for substantially whole length of said cham- 

30 ber (2) along said longitudinal direction of said base 
rod (38). 

47. A method as claimed in claim 45, characterized in 
that: said exhausting includes exhausting said 

35 inside gas from said chamber (2) through a vent 
plate (46, 54), which has a plurality of vents (48,56) 
provided for substantially whole length of said 
chamber (2) at a constant interval. 

40 48. A method as claimed in claim 45, characterized in 
that: said controlling of said airflow includes regulat- 
ing airflow that flows from a base (8) of said cham- 
ber (2). 

45 49. A method as claimed in claim 48, characterized in 
that said regulating said airflow filters outside air. 

50. A method as claimed in claim 31 , further compris- 
ing cooling said glass base material which is accu- 
se mulated by said hydrolyzing and accumulating, by 

controlling a surface temperature of said glass base 
material (4). 

51. A method as claimed in claim 50, characterized in 
55 that said cooling controls a cooling speed for 

decreasing said surface temperature of said glass 
base material (4). 
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52. A method as claimed in claim 51, characterized in 
that: said cooling controls said cooling speed to be 
slower than 30°C per minute for a predetermined 
time, after said hydrolyzing and accumulating is fin- 
ished. 5 

53. A method as claimed in claim 51, characterized in 
that said predetermined time is ten minutes. 

54. A method as claimed in claim 31, characterized in 10 
that: said hydrolyzing and accumulating accumu- 
lates said gas material so that a relationship 
between a diameter of a pair of dummy rods (40), 
provided on both ends of said base rod for holding 
said base rod (38), D, and a weight of said glass 15 
base material (4), W, becomes 0.13 < D/W " . 

55. A method as claimed in claim 54, characterized in 
that: said hydrolyzing and accumulating accumu- 
lates said gas material so that said relationship 20 
between said diameter of said pair of dummy rods 
(40), D, and said weight of said glass base material 

(4), W, becomes 0.13 < D/W 0 " 5 < 0.25 . 
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longitudinal direction of the preform rod (38); 
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said first burner-moving-unit (96) in a same 
moving direction of said first burner-moving-unit 

(96). The purpose of the process and apparatus 
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